A novel ex vivo angiogenesis assay based on electroporation-mediated delivery of naked plasmid DNA to skeletal muscle.
An angiogenesis assay based on gene transfer would be extremely useful for angiogenic gene therapy. A simple, reproducible, and quantitative assay to test angiogenic genes would provide more accurate predictions than conventional peptide-based assays. Here, we have developed a semiquantitative angiogenesis assay utilizing gene transfer into skeletal muscle, which is a target tissue for ischemic limb diseases. To facilitate quick and clean analysis, a naked plasmid DNA vector combined with an electroporation procedure was used for gene transfer. When the plasmid vector encoding vascular endothelial growth factor cDNA (pJDK-VEGF165) was injected into the tibialis anterior muscle of BALB/c mice, followed by in vivo electroporation and explant culture in growth factor-reduced Matrigel, the outward migration of sprouting cells was observed as early as day 2. The cells soon formed capillary networks, which peaked at day 7 and persisted until day 14. The capillary-like structures were positive for von Willebrand factor, platelet endothelial cell adhesion molecule, and vimentin, suggesting they were endothelial cells. There was little, if any, sprouting or formation of capillaries from the control vector (pJDK)-injected group. Consistent with the region of sprouting and network formation, the amount of secreted VEGF increased in the conditioned medium of explant cultures. The angiogenic potential of connective tissue growth factor (CTGF) was examined using the new assay. Whereas the CTGF gene alone induced weak sprouting activity, it appeared to inhibit the angiogenic activity of the VEGF165 gene during cotreatment. This attenuating activity of CTGF on VEGF was reproduced in vivo in a murine model of hindlimb ischemia. In a group of mice treated with both pJDK-CTGF and pJDK-VEGF165, the blood flow measured by laser Doppler imaging was significantly lower than that of the pJDK-VEGF165-treated group 10 days after femoral artery excision. These results are consistent with recent reports that suggest that CTGF inhibits VEGF. This confirms the usefulness of this novel ex vivo assay in assessing the angiogenic capacity of genes of interest. In summary, this new gene-based angiogenesis assay should be widely applicable in the study of angiogenic or antiangiogenic genes because it can readily predict the angiogenic potential of specific genes and their combinations.